The Synthesis, Characterization and Reactions of 1,2-dihydro-2-thiono, 3,1-Benzoxazin-4-one and its Isomer the 3,1-benzothiazine-2 (1H), 4-dione by Davis, Joan Louise
Ursinus College 
Digital Commons @ Ursinus College 
Chemistry Honors Papers Student Research 
5-31-1967 
The Synthesis, Characterization and Reactions of 
1,2-dihydro-2-thiono, 3,1-Benzoxazin-4-one and its Isomer the 
3,1-benzothiazine-2 (1H), 4-dione 
Joan Louise Davis 
Ursinus College 
Follow this and additional works at: https://digitalcommons.ursinus.edu/chem_hon 
 Part of the Chemistry Commons 
Click here to let us know how access to this document benefits you. 
Recommended Citation 
Davis, Joan Louise, "The Synthesis, Characterization and Reactions of 1,2-dihydro-2-thiono, 
3,1-Benzoxazin-4-one and its Isomer the 3,1-benzothiazine-2 (1H), 4-dione" (1967). Chemistry Honors 
Papers. 14. 
https://digitalcommons.ursinus.edu/chem_hon/14 
This Paper is brought to you for free and open access by the Student Research at Digital Commons @ Ursinus 
College. It has been accepted for inclusion in Chemistry Honors Papers by an authorized administrator of Digital 
Commons @ Ursinus College. For more information, please contact aprock@ursinus.edu. 
Ursinus College Library, 
URSINUSIANA COLLECTION 
Class Q Box CJ[L/nir3 
The Synthesis, Characterization and Reactions 
of 1 ,2-dlhydro-2-thiono ,3 ,l-Benzoxazin-i|«one 
and its isomer the 3,l-henzothlazlne-2(lH), 
4-dion©. 
This paper submitted in fulfillment of the 
requirements of Chemistry 3 0 . 
Dr. Roger P. Staiger, Advisor 
May 3 1 , 1 9 6 7 
TABIE OF CONTENTS 




Synthesis of Thioisatoic Anhydride (II), . . . . . . 6 
Reactions of Thioisatoic Anhydride . . 1 0 
Synthesis of 3,1-Benzothiazln ,2(lH)-4-Dione(III) . . 2 2 
Reactions of 3,l-Benzothlazin,2(dJi)-^Dione . . . . 2 3 




The author wishes to express her appreciation to 
Dr. Roger P. Staiger for his imending time and assistance in 
making this research and paper possible. Grateful thanks is 
extended to the entire Chemistry Department for their cooperation 
and understanding. Appreciation is also extended to Mr. Charles 
Wade of the University of Delaware for his helpful suggestions 
and Dr. J. R. Marshall of Nottingham, England, for his thought-
fulness to respond to a request for additional inforraatidn by 
sending a sample of his product to this investigator. 
- 3 -
INTRODUCTION 
The objective of this research was to prepare 1,2-dihydro-
2-thlono-3 ,l-benzoxazin-4-one(thioisatoic anhydride) and an Isomer, 
the 3,1-benzothiazine, 2 ( 1 H ),k-dlone. The structures of these 
isomers have been elucidated by chemical and infrared spectophoto-
metric methods. 
The reactions of thioisatoic anhydride with sodium hydroxide, 
ammonia, a series of diprotic amines, and methyl iodide have been 
investigated. The products of the reactions have been charaterized. 
It appears that the mechanism of the reaction of thioisatoic anhydride 
with various nucleophiles is analogous to those reported for Isatoic 
Anhydride with some minor differences. 
v7:'-/'vM: - JY - • • •••q̂'̂-
HISTOHICAju •/ 
The ohemlcal literature reports one preparation of thioisatoic 
anhydride by J. R. Marshall"^, using trichlorosulphenylchlorlde, 
stannous chloride dihydrate, and anthranllic acid (I) in an aqueous 
hydrochloric aold-chloroform medium. After purification of the 
product from ethyl acetate and acetone a product was obtained 
melting between 230-235°C with the evolution of hydrogen sulfide 
gas. This material was described as thioisatoic anhydride (II). It 
was reported that the infrared speotrum shovred a strong absorption 
peak at a frequency of I785 cm""^. Along with the product were iso-
lated some isatoic anhydride (IV) and an uncharacterized sulfur-free 
acid. Marshall also reported that thioisatoic anhydride could 
be isoraerized by heating in boiling 1,2,4-trlchlorobenzene to 
3,l-benzothiazino-2(IH),4-dione (III), which when purified from 
acetone melted at 226-235°C turning to a red liquid with gas evolu-
tion. The reactions were presented as: 







kf -11.7!̂ ) 
An isomerizatlon of the above type has been reported by 
Sohonberg and Vargha with the C=S being transformed to the 





^ A'̂ ô  S _ "<^* 
O ^ X, 
A second method of preparation of thioisatoic anhydride (II) 
is described in a personal communication of the unpublished work 
of Charles V/ade at the University of Delaware. This preparation 
is similar to that for the preparation of Isatoic anhydride des-
cribed by Fegley^ substituting thiophosgene for phosgene. Wade's 
procedure of synthesis requires the suspension of anthranllic 
acid (I) ( 2 9 . 7 g.-o , 2 1 7 m o l e s ) in water (217ml) and concentrated 
hydrochloric acid ( 2 7 . 3 m l ) , Thiophosgene (25g,= l 6 , 6 m l = 0 . 2 l 7 i n o l e s ) 
is added dropwise, with stirring, at a temperature not exceeding 
50°C. The product separates and after cooling, is filtered, dried in 
a vacuum over calcium chloride, and purified from spectrograde 
dioxane under anhydrous conditions. Yield 35g ( 9 0 A b e o , ) with a 
m.p. of 203-204°C, Although no structure was presented it was 




+ C - s. 
Analytical data available: 
Compoxjnd M,P.(°C) • p i 
Marshall II 230-235 53.7 2,70 Found 
Marshall III 226-235 5 3 . 5 2.70 Found 
Wade II 203-204 53.18 2.76 Found 
5 3 . 6 2.79 Theo. 
The obvious discrepancies of these results for the two 
methods of synthesis raised speculation about the validity of 
both works. This research attempts to clarify the situation. 
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EXPERIMENTAL 
SYNTHESIS OF THIOISATOIC ANHYDRIDE (II) or 1,2-DIHYDRO-2-THIO-
3 , l-BENZOXAZlN-4-ONE 
After careful oonslderation of the reported methods of prepar-
ation of thioisatolo anhydride (II), the procedure by Wade was 
selected because it appeared to yield a better product and it 
paralled the synthesis of isatoic anhydride (IV) described by 
Wagner and Fegley.^ 
Reaction: 
//CI 
Apparatus: The following instruments were used to make the 
physical measurements unless otherwise noted: 
Thomas Hoover melting point apparatus, 
Perkin-Elmer Infracord Model-137. 
The apparatus for synthesis consisted of a 500ml round-bottom 
3-neck flask with standard taper Joints equipped with a magnetic 
stirrer, separatory funnel, a thermometer and a oondensor. 
Procedure 1 : Anthranllic acid (II) (29.7g= 0 . 2 1 7 m o l e s ) , water (217ml) 
and 12M HCl (27 ml) were added to the 500 ml flask. The mixture 
was stirred until all of the anthranllic acid dissolved.*' Thio-
phosgene ( 2 5 g . = l 6 , 6 m l = 0.217moles) was added dropwise to the 
vigorously stirred reaction mixture at a rate of approximately 
one drop/3sec. The total time of the addition was 2 i hours. 
After the first few drops of the thiophosgene had been 
added, red oily droplets appeared in the flask. A solid precip-
itate formed approximately five minutes after the initial intro-
duotion of the thiophosgene. The temperature ramained at 30°C for 
the first half hour. At this time .a layer of red liquid was present 
at the upper surface, and a yellow-gray precipitate was suspended 
in the lower reaction mixture. The temperature rose gradually to 
40°C and remained constant for the duration of the reaction. 
Stirring was continued one-half hour after the complete addition 
of the thiophosgene. The product remained suspended in the reaction 
mixture two days before filtration. The mixture was filtered onto 
a Buckner funnel, v^ashed with water, and placed in a vacuum desicca-
tor over calcium chloride to dry. The product possessed a pungent 
odor similar to HgS. A yield of 32.6g(84^ theo.) was obtained. 
The crude product had a m.p. range of 185-187^0. Purification 
from dioxane, acetone, and ace tone-water, yielded white needles, 
which melted at 203-204'^C with gas evolution, l^his is in agreement 
with the m.p. data reported by wade. An infrared spectrum (IR#2a) 
shows a strong absorption peak at 5 . 7 u which is characteristic of 
9 
the anhydride -C-0 stretch. By comparison the spectrum of isatoic 
9 
anhydride (IV) shows the -C-0 stretch at 5.75U (IR#4). The -NH 
peak appears at 3 . 4 u , shifted to longer wavelength by the influence 
of the neighboring C=S. This latter group shows three characteris-
tic absorption peaks between 8 . 3 3 and 9 . 5 2 u . 
Procedure 2 . Anthranllic acid (I) ( l 4 . 8 5 g . = 0 . 1 0 8 5 n i o l e s), water 
(108.5ml) and 12M HCl ( 1 3 . 5 m l ) were added to a 500ml flask. The 
mixture was stirred until the anthranllic acid dissolved. Thio-
phosgene (12,5g.= 8,3nil= O.1085moles) was added dropwise. Total 
time of the addition was 1-3/4 hours. The appearance of the 
reaction mixture was the same as procedure 1 , 
The solution with suspended precipitate was allowed to stir 
overnight. The precipitate was filtered onto a Buckner funnel, 
washed with water, and placed in a-vacuum desiccator to dry. 
Purification from acetone yielded thioisatoic anhydride (11) 
with a m.p. of 204-205*^0. The infrared speotrum of the crude 
product differed from that of the crude product of procedure 1 
by the presence of a -NH peak at 2.85u. The spectra of the 
recrystallized compounds were identical. 
On the evidence of the method of preparation, m.p., and 
infrared spectra, structure II was assigned to the above material, 
A request to Marshall at Nottingham, England, for spectral 





reported in his paper" resulted in the receipt of a sample of the 
product he called thioisatoic anhydride (II). The sample consisted 
of yellow needles. The m.p. redetermined, gave a value of 220-235°C. 
An infrared spectrum of Marshall's product (IR#2b) when compared with 
the spectra of II and III (iR's 2a and 3) shô ^̂ ed peaks characteris-
tic to both products. An inspection of IR7f2a revealed significant 
absorption peaks at 5.7u,6l23u, and 6.57u. An inspection of IR#3 
reveals absorption peaks at 6.05u, 6.l8u, and 6.4u. The strong 
peak at 5.7u had disappeared. By superimposing the spectra of 
— 9 ' • • 
Marshall's II(IR#2b) first on IR#2a, then on IR# 3, It was shown to 
f contain all of the above mentioned absorption peaks. A comparison 
of the fingerprint region ( 7 . 0 - 1 5 u ) of these spectra, likewise 
Indicated a mixture of peaks in Marshall's compound. 
It was then concluded that II reported by Marshall was actually 
a mixture of II and III. The melting point of his II (230-235°C) 
had a range of 9 ° , overlaping with,the range of II, The sharp m.p.'s 
reported for II and III prepared by the procedures described above, 
and the 35° difference in m.p.'s of the two compounds, in addition 
to the spectral differences, indicated a complete separation of 
products. 
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R E A C T I O N S OP T H I O I S A T O I C ANHYDRIDE ( I I ) 








• .. IT " ; ' ^ 
Thioisatoic anhydride (II; (0.5g,) was stirred into 10^ NaOH(lOral). 
The material dissolved with some evidence of gas evolution. After 
filtration the reaction mixture was made slightly acidic with 3M HCl. 
An insoluble precipitate separated which upon recrystallization 
melted at 144-145°C. An IR(#lb) of this material, and its m.p. agreed 
with the m.p. and spectrum (IR/ĵ la) for* anthranllic acid (I), received 
from Maumee Chemical Company, 












Thiosatolc anhydride (II) (Ig.) was dissolved in 0.2N NaOH (20ml), 
A molar excess of dimethyl sulfate (,7ml) was added dropwise to the 
solution from a pipet. The solution was kept in an ice bath to main-
tain a low temperature. After I 5 minutes the solution became cloudy, 
A phase separation was observed, the product of the reaction being a 
pale white oil. Attempted triturations with acetone and ether yielded 
no solid product. The oil was allowed to stand several weeks. The 
oil, at the end of this period was placed in methanol, a solvent for 
dimethyl sulfate. Upon addition of water to the solution, a white 
crystalline compound separated and was filtered by gravity. The 
compound had a m.p. range of 202-212°C, and the IR (#5a) indicated 







Similar to Marshall's procedure''", thioisatoic anhydride (II) 
(2.7g.) was mixed with potassium carbonate (1 , 5 6 . ) and methyl 
iodide (1 . 5 m l ) . The reaction solution was then refluxed for 1-3/4 
hours. Upon cooling a precipitate fell out of solution. The yellow-
white precipitate was filtered onto a Buckner funnel while the 
strong odor of sulfur dioxide was detected. The crude product had 
a m.p. range of 7 5 ° . It was hypothized that not all of the thio-
isatoic anhydride (II) had reacted, and that the product was a 
mixture. Recrystallizations from dioxane, and acetone-water, yielded 
the methyl derivative with a m.p. of 102-103°C. This compares 
favorably with the m.p. of 106.5-.108.5°C reported for this compound 
by Marshall. He also proposed the isomeric form V. An Infrared 
spectrum (IR#5b) was taken and revealed characteristic shifts due 
to the introduction of the -CH^ group. - • 










Approximately following Marshall's procedure, methanol(10ml) 
was added to a 20ml beaker containing 2-methylthlo-3jl-benzoxazln-
^-one (Vb) prepared by procedure 2 above. The reaction mixture was 
placed on a steam bath and boiled for thirty minutes maintaining 
a constant level of methanol. The reaction mixture was allowed 
to cool, and a cream colored oil was separated from the supernate 
liquid. It was placed on a watch glass, triturated with acetone 
and ether in an attempt to obtain a solid product. After three 
unsuccessful attempts to obtain the solid product, the oil was 
allowed to stand for one week. Over this period of time, fine white 
needles separated from the oil. Sufficient needles were isolated to 
obtain a m.p. of 88-90°C using a Fischer-Johns melting point appara-
tus. 
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FORMATION OF 2-THIONO BENZOYLENE UREAS 
Proposed Reaction Mechanism. 
The reaotlon mechanism of thioisatoic anhydride with various 
concentrations of primary amines appeared to be analagous to that 
for isatoic anhydride IV. 
/:>/ 0 
II ® 
H 0 H • 
Met. 
When equltnolar quantities of thioisatolo anhydride and amine 
were reacted, a ring cleavage occurred at point a/ and yielded 
anthranilaraides as products. V/hen a greater than equal molar quantity 
of the amine was reacted, the ring cleavage occurred at point b/. and 
the ammonium salt of the o-ureidobenzolo acid was present in solution. 
Upon acidification with dilute HCl, the o-thicureIdobenzoic acid was 
not Isolated, but rather the ring closed species, the 2-thlono 
benzoylene urea. With isatoic anhydride, the o-ureidobenzolc acid 
was isolated, and the stronger acid HgSO^^ was required to cause a 
ring closure. When the 2-thlono benzoylene urea derivatives are 
reacted with hot sulfuric acid ( 1 ; 1 ) a deoomposition product was 
obtained but was not characterized. 












K>H, + c o s t 
Equlmolar quantities of thioisatoic anhydride (II) and aqueous 
ammonia were reacted. The resulting clear solution was allowed to 
stand In an ice bath for 15 minutes at which time the anthranilaraide 
precipitated out of the solution. The product was filtered and 
dried. A m.p. of 108-110°C, agreed with the reported value of 108°C. 
An IR(//8) was taken and compared favorably with a reference infrared 
spectrum for a sample from the Maumee Chemical Company Pure Compound 
File. 
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FORMATION OF 2-THIONO-BENZOYLENE UREA (VIII) 
Procedure 1 . 
Reaction: 
4 cost 
Thioisatolo anhydride ( 2 . 7 5 g ) was added to cone, aqueous 
NH-^dOml). The reaction mixture was allowed to sit for 15 minutes 
in an Ice bath. The solution was then filtered and the filtrate was 
made slightly acidic with 3M HCl. A tan precipitate, insoluble in 
an acid media, settled out. Recrystallizations from methanol yielded 
a white compound (Villa) melting at 272-275°C. An IR( # 8 a ) was taken 
and was considerably different from the starting material (II), 
Procedure 2 , ~ 
Reaotlon: 
i m~xoO X 
+ C - 5 Z ^ 
I 
f 7. NM3t 
•MI. H 
Anthranilaraide (VII) (27.2g=0.2raoles) and thiourea (15.2g= 
0 . 2 m o l e s ) were mixed in a beaker. The reactants were heated with 
stirring to 190°C at which time they appeared as a brown paste. 
The temperature of the paste was slowly raised to 200°C, and solidi-
fication occurred. After cooling the solid was broken up and sus-
pended in 200ml of water. 10^ NaOH was added until all of the solid 
had dissolved. After filtration, the filtrate was acidified with 
3M HCl. The m.p. of the crude material was 315-318°C. Recrystalli-
zation from dioxane yielded a product with a m.p. of 3l6-3l8°C. An 
IH (#8b) was obtained. This product, the 2-thiono benzoylene urea 
agreed in m.p. with that reported in work done by Moyer and Staiger.5 
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An elemental analysis of their reference compound agreed well with 
the calculated values: 
%C foU is -Emperical formula 
Theo 53.9 3.37 17.95 ^ 8 ^ 6 ° ^ 
Found 53.54 3.17 17.67 
On the basis of m.p. , it was conoluded that Vlllb was the 
2-thiono benzoylene urea. 
Recrystallization of the orude product from methanol yielded 
a product melting of 306-308°C. The IR (#8c) shows definite shifts 
of peaks with respeot to spectra #8b. An elemental analysis was 
performed by Galbraith Laboratory Ino.: 
Theo 53.9 3.37 
Found 53.86 3.45 









1 Z H O T 
Anthranilaraide (VII) (I3.65g=0.1moles) was dissolved in 
dlo><ane(50ral). To this reaction mixture, thiophosgene (I3.65g=7.6ml= 
O.lmoles) was added dropwise with stirring. The thiophosgene reacted 
immediately to form a precipitate. The reaction mixture was stirred 
for several additional minutes, and the precipitate was separated 
by filtration. 
Several different solvents were used for reorystallization and 
three different products were obtained, each with a different infra-
red spectrum. 
- 17 -








dioxane, Me OH (25°C) 
dioxane, MeOH (hot) 
insol dioxane, 
MeOH (hot) 










Summary: The preparations of the 2-thiono benzoylene urea by a 
variety of synthetic routes instead of yielding one product yielded 
a series of compounds with different m.p.'s and different IR's. An 
examination of the literature yielded tî o additional compounds re-






















It is hypothesized that the several compounds prepared are 
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The tautomeric shifts could be caused by the method of prepara-
tion, solvent used for crystallization, presence of acid or base, or 
the temperature of the reaction mixture, 0.5 g. of Vlllb was placed 
in methanol and sodium hydroxide for five days in an attempt to 
effect a tautomeric shift. The IR (#8g. ) showed the appearance of 
a pteak at 2,95^. The rest of the spectrum was the same. 
FORMATION OP 2-THIONO-3 METHYL BENZOYLENE UREA (IX) , • , . . 




zC- I 4-C:H:,MH 
C=:S 
5 c-s 
Thiosatolc anhydride (II) (Ig) was stirred into methylamine 
(10ml of 30;^ soln.). Gas evolution was observed. The reaction 
mixture was allowed to stand for approximately 15 minutes, after 
which it was filtered. The filtrate was carefully acidified 
yielding a tan precipitate. The crude product was recrystallized 
three times, yielding a white product melting at 260-263°C. IR (#9a). 
This m.p. agreed favorably with that of a reference compound pre-
pared by Moyer and Staiger at Ursinus^, m.p. 264-266°C after five 
recrystallizations from methanol. The IR (#9a) is supertaposable 
with that of the reference compound (IR #9)* , 
Procedure 2 ,, « 
Reaction: 
( ;.z. " + ĉcj t 
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Equlmolar quantities of isatoic anhydride (IV) and methylamine 
were stirred together. After 15 minutes, the methyl anthranilamide 
was collected by filtration. It was dissolved in dioxane (15ml), and 
thiophosgene (2ml) was added dropwise to the reaction mixture with 
stirring. The reaction occurred immediately with the formation of a 
yellow precipitate. The crude product was separated by filtration, 
recrystallized from methanol. The m.p. range was observed to be 
260-263°C. An IR(#9b) was taken and was Identical with the reference 
spectrum (#9). l-\/hlle the product still contained some Impurities 
causing the m.p. range, the product is the 2-thiono-3 methyl benzoylene 




C i -4 C = J 4 Mm 
o 
(1 






xm ^ n 
2-Thlono benzoylene urea (Vlllb) (Ig) was dissolved in 10^ 
NaOH (50ml). Dimethyl sulfated,5g.= 0.7ml) was added with stirring. 
After a period of 15 minutes an oil was separated from the supernate 
liquid and when treated with methanol, white needles fell out of 
solution. The m.p. was found to be greater than 347*^0 determined on 
a Townson and Mercer Type V Melting Point Apparatus. An IR (9o) was 
taken which revealed very broad absorption peaks. 
I 
Compound 9b (0.5g.) was placed in alcoholic methanol for several 
days. The m.p. of the product (#9d) was greater than 347°C and its 
infrared spectrum (#9d) revealed wide absorption bands. It is also 
possible that the sodium salt of the isomeric structure was the 
Isolated product. 
- 20 -
FORMATION OP: 2-THIONO-3-BENZYL BENZOYLENE UREA (COMPOUND X) 
2-THIONO-3-ETHYL BENZOYLENE UREA (COMPOUND XI) 
2-THIQN0-3-ALLYL BENZOYLENE UREA (COMPOUND XII) 





































C 4: J 
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Thioisatoic anhydride (II) (0.5g.) was stirred into 15 ml of 
benzyl amine, ethyl amine, allyl amine, and aniline respectively, 
with gas evolution. The reaction mixtures were then allowed to sit 
for 15 minutes and then filtered. Each was then made slightly acidic 
with 3H HCl. The products of the several reactions were recrystallized 
from methanol. 
COMPOUND M.P.(°C) 
X (Benzyl) I8O-225 • * I . 
195-210 2 
XI (Ethyl) 190 part crude 
215-217 
XII (Allyl) 150-175 I 
• I6O-I68 • 2 
Literature^ 197-200 






. 1 1 : : 
I3a 
No conclusion can be drawn about the preparation or unsuccessful 
preparation of the above compounds. A reference spectrum (#13) was 
available for the 2-Thiono-3-phenyl benzoylene urea. Definite shifts 
in the absorption peaks were observed. A tautermic shift could account 














Procedure: Thioisatoic anhydride (II) (l.Og.) was placed in dioxane 
(lOral) and refluxed for 2i;hours. Upon cooling white needles separated. 
A melting point range of 228-234°C was observed. A fractional crys-
tallization was performed in acetone, knovring the ratio of solubility 
of II and III in acetone to be 1:15 and 1:85, as reported by Marshall. 
The first crop of ppt. was filtered and dried in air. It had a melting 
point of 237-238°C melting to a red liquid. 
The infrared spectrum IR #3 differs from IR #2a. The strong 
anhydride peak at 5.7^ has disappeared, and the -S- group appears at , 
I4.08u with a shifting of the carboxyl to 6.05 and 6.I5. Elemental 
analysis by Galbralth Laboratories Inc. shows good agreement with the 
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REACTIONS OF COMPOUND III (3 ,1-BENZOTHlAZlNE 2(IH-)-4-DI01EE 
The reactions of Compound III with ammonia, methylamine, and 
NaOH yielded products that oould not be characterized. The products 
with ammonia and methylamine, both with equlmolar concentrations and 
with an excess of the amine yielded tars. However the reaction v^ith 
NaOH yielded a product with a m.p. range of 130-170°C. An IR (#14) 
was taken. No gas evolution was observed during the ooarse of the 
reaction. [ 
The proposed reaotions are: 
I  fo« 
I y 





. : ; FUTURE WORK 
» 
The chemistry of thioisatoic anhydride (II) being relatively 
new, the course of this research points out numerous new problems 
and projects. . 
1 ) Methods could be devised to increase the yield of 
III. The reactions of III oould be investigated. 
2) The 2- thlono- benzoylene (VIII) urea appears to 
undergo tautomeric shifts. Investigation should be 
conducted to determine if these shifts are responsible 
for the divergent results. This problem would probably 
involve chromatographic rather than spectrophotometric 
methods to Identify the various isomers. Shifts have 
also been observed in the 2- thlono-3-benzoylene ureas. 
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